To what extent does hyaluronic acid affect healing of xenografts? A histomorphometric study in a rabbit model Among the many graft materials that have been used for the treatment of bone defects in oral and maxillofacial regions is xenograft. To improve osteoconductive effects of xenografts, they have been combined with various biocompatible materials, such as hyaluronic acid and bone morphogenetic protein. Objective: To determine bone-healing capacity of high molecular weight hyaluronic acid (HA) combined with xenograft in rabbit calvarial bone defects. Material and methods: Ten adult male New Zealand rabbits (mean weight 3 kg) were included in the study. Three 6-mm-diameter bicortical cranial defects were created on calvarial bone of all rabbits. These defects were filled as follows: a) xenograft; b) HA+xenograft; c) autograft. One month after the first operation, rabbits were sacrificed. Specimens were 
Introduction
An understanding of the mechanisms of bone repair and regeneration is basic to bone defect treatment, alveolar socket healing and dental implant surgery Xenografts are proper alternatives for bone repair and regeneration because of their similarity to human bone 28 . Although the available amount of autograft material is always limited, one can obtain as much xenograft as desired. Due to hydroxylapatite structure, natural bovine bone is potentially a much better graft material than a synthetic bone substitute 1 . However, unresorbed graft remnants of bovine bone have been observed in histological analyses even after three years 14 . Because xenografts are osteoconductive rather than osteoinductive, it is important to identify methods to improve their effectiveness in vivo and cell migration 4, 5 . The ratio between the numbers of nodes and termini in a section is an index of the spatial connectivity in the trabecular network. Except for NNd:NTm, which was expressed in ratio, all parameters were expressed in µm. tests, significance level was defined as p<0.05.
Statistical analysis

Results
After surgery, all rabbits recovered well and the expected increase in weight during the post-surgical period was recorded. Complications, such as paralysis, convulsions, respiratory distress, and wound infections were not observed. Results of histomorphometric comparisons among groups are shown in Table 1 .
Regarding percentages of tissue compartments and microarchitectural parameters, significant differences were observed among study groups (p<0.05).
Considering multiple comparisons, differences regarding new bone between all groups were also statistically significant (p<0.05). New bone value was best in the autograft group (p<0.05). New bone value of the xenograft+HA group was also significantly greater than the xenograft group (p<0.05). The volume of residual graft was significantly decreased in HA group compared to xenograft group (p=0.0355) (Figures 2, 3, and 4) . Therefore, we created the three 6-mm-diameter bicortical defects on the calvariae of the rabbits to test whether HA accelerates the healing of xenogenic graft material. These defects were filled with the following materials: xenograft; a combination of xenograft and high molecular weight HA; and autogenous graft. Our rationale for using high molecular weight HA in this study is that Sasaki and Watanabe 24 (1995) reported that high molecular weight HA increased new bone formation in rat femoral defects after bone marrow ablation.
The treatment of craniomaxillofacial defects is one of the greatest challenges in bone healing. Autografts induce several bone-healing mechanisms, such as osteogenesis, osteoinduction, and osteoconduction 6, 8 .
Although xenografts are widely used in dentistry, they have a limited capacity for osteogenesis because of their low viable cell capacity. In addition, the chemical processes required to inhibit the transmission of animal diseases prevent xenografts from having osteoinductive effects 13, 21 . Xenografts that have no It is crucial to fill craniomaxillofacial defects as soon as possible. Therefore, in this study, we investigated the effects of HA on new bone formation at one month.
The rate of new bone formation in the autograft group was significantly higher than in other groups.
Similarly, the combination of xenograft+HA resulted in statistically significantly greater bone fill than the xenograft alone. These results support our hypothesis that HA promotes new bone formation, most probably by increasing the osteoinductive effect of the xenograft.
In this experimental study performed on rabbit calvaria, we can attribute the osteoinductivity of HA to induced growth factors, such as bone morphogenetic To evaluate the healing capacity of 6-mm defects filled with anorganic bovine bone in rabbit calvaria, one month was sufficient regarding bone formation.
Our hypothesis was compatible with the study of Paknejad, et al. 22 (2014), which was performed with methods similar to those used in our study. They In addition to new bone formation, which is an important indicator in the complete regeneration of bone defects, the microstructure and microarchitecture of newly formed bone are significant indicators of bone quality 10, 17 . In this animal study, three different treatment modalities were compared, and obtained specimens were analysed regarding marrow space, trabecular thickness, trabecular width, trabecular separation, and node:terminus ratio, which are essential histomorphometric parameters of bone quality. A node in the network of bone tissue is a connection point of three or more trabeculae;
however, a terminus is described as a point at which a trabecula is not joined to any other one. It has been supposed that the NNd:NTm is a way of explaining the connectivity of the trabecular network 30 .
In this study, the structures of bone microarchitecture and the marrow space of the autograft group were significantly better than in the other two groups.
Differences between xenograft+HA and xenograft groups were not statistically significant. Even though groups exhibited similar results, we might conclude 
Conclusions
These results support our hypothesis that the high molecular weight HA can positively affect anorganic bovine bone healing concerning new bone formation in a short time; however, HA does not appear to significantly affect the structure of the trabeculae.
There is a need for further studies to evaluate the microarchitecture of newly formed bone tissue during xenograft healing when combined with the high molecular weight HA.
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